immunostained microvessels and osteoclasts in selected regions were counted. Result. The microvascular density of the bone surfaces of rapidly progressive arthritic hips was hypervascular. Osteoclasts were also found in increased numbers on the bone surfaces of rapidly progressive arthritic hips. The higher microvascular density coincided with extensive bone destruction and with the increased osteoclast count. Conclusion. These findings suggested that hypervascularity of the granulation in the femoral head may be associated with bone and joint destruction.
INTRODUCTION
Certain patients with hip disorders experience rapidly progressive destructive changes resulting in the disappearance of the femoral head. This condition is known as Postel and Kerboull 1 coxarthrosis, which may lead to the complete destruction of the hip joint.
The rapidity of the process means that clinical information of this condition is limited and pathophysiologic characteristics are unclear. Pathologically, some investigators have reported that osteoclasts with vascular-rich granulation could be found in patients with progressively destructive arthropathy. 2, 3 Massive osteolysis is characterised by the spontaneous, progressive destruction and disappearance of one or more bones. Gorham and Stout 4 defined this specific disease entity and reviewed 24 such cases. The basic understanding of this condition has advanced little, and most patients with this pathology also have vascular abnormalities such as haemangiomatosis or lymphangiomatosis. Osteoclasts can be found in the destructive regions of the hip joint of these patients, this suggests that vascularity is an important factor in osteolysis and destruction of the bone.
This study was designed to examine the relationship between the microvascular density and the osteoclast count in rapidly destructive arthropathy.
MATERIALS AND METHODS
Adult human femoral heads were obtained at the time of total joint arthroplasty from 6 patients diagnosed with rapidly destructive arthropathy and 6 patients diagnosed with osteoarthritis. The 12 specimens were selected from 426 patients who underwent operations at Mie University Hospital and 3 affiliated hospitals between January 1997 and December 1998. Informed consent regarding the use of the tissue for research purposes was obtained from all patients.
Rapidly destructive arthropathy was the diagnosis if the femoral head and acetabulum had undergone severe destruction within a 12-month period. Each femoral head had degraded into less than half as viewed anteroposteriorly. The exclusion criteria for rapidly destructive arthropathy were infectious, neurologic, metabolic, endocrinologic, or inflammatory disorders. A radiograph of the femoral head of a 70-year-old patient diagnosed with rapidly destructive arthropathy is shown in Figure 1 . The preoperative diagnosis of this patient was secondary osteoarthritis caused by acetabular dysplasia. This diagnosis is most common among patients undergoing total hip arthroplasty in Japan.
The von Willebrand Factor immunostaining and counterstaining with Mayer 's haematoxylin were used to label microvessels and osteoclasts in formalinfixed, paraffin-embedded specimens of femoral heads obtained from patients during arthroplasty. The samples were obtained from the midfrontal sections of the femoral heads, which had been fixed with formalin, and decalcified before being embedded in paraffin. To evaluate the vascularity, sections were cut into 4 µm-thick slices and stained for the von Willebrand Factor with a rabbit polyclonal antihuman immunoglobulin (Dako-Japan A0082; Dako, Shimogyo, Kyoto, Japan) in a dilution of 1:800. Counterstaining was performed using Mayer 's haematoxylin to enable the counting of the osteoclasts. A macrophotograph of a specimen of the patient stained for the von Willebrand Factor is shown in Figure 2 .
Each femoral head had 20 regions selected according to the following protocol. A template sheet of acetabulum cups from total hip arthroplasties was used to set the centre point of the samples. An arc and the centre point were obtained from each articular surface. The arc was divided up evenly using 10 radial lines with the same angle. Ten cross-cut points on the articular bone surface were set as the investigated regions. Another 10 investigated regions were obtained in the middle between the cross-cut points and the centre point (Figs. 3a, 4a, and 5a).
The number of immunostained microvessels in each region was counted. No ducts or lobules, either normally or abnormally in situ, were included in this count. Each discrete cluster or single cell stained by the von Willebrand Factor was counted as a microvessel regardless of whether a lumen was detected. The total number of microvessels was counted at a magnification of 200.
The osteoclast count or the total number of osteoclasts in the region was also recorded at a magnification of 200. Osteoclasts were defined as multinuclear basophilic cells with more than 3 nuclei lying in apposition to a bone surface undergoing lacuna resorption (Howship's lacunae).
The actual investigation area was determined by centering under the microscope 400x600 µm rectangle view at a magnification of 200 using Olympus BX50 (Olympus, Chiyoda, Tokyo, Japan). The sample region and magnification allowed reliable detection of the microvessels and osteoclasts while excluding the bone trabeculae from the field of view.
One researcher, who had no knowledge of the patient outcome, evaluated the vascular density and osteoclast counts. Correlation between these 2 factors was determined by measuring the osteoclast count and the vascular density of each specimen.
Statistical evaluation was performed using Stat View software (SAS Institute Inc.; SAS Campus Drive, Cary [NC], US). Differences between variables were calculated using the Kruskal-Wallis and MannWhitney U tests. Spearman's rank correlation coefficient and Pearson's reference correlation coefficient were used to calculate the significance of the correlation. Observations occurring by chance with a likelihood of p<0.05 were considered statistically significant. Figures 3b, 4b , and 5b. The vascular density on the surface of the femoral head from the rapidly destructive arthropathic patients was greater than that of both the osteoarthritic patients (p<0.001) and the middle of the femoral head of rapidly destructive arthropathic patients (p<0.001), according to Kruskal-Wallis test (Fig. 6) .
RESULTS

Photomicrographs of the investigated femoral heads are shown in
The osteoclast count on the bone surface from the rapidly destructive arthropathic patients was also greater than that of both the osteoarthritic patients (p<0.01) and the middle of the femoral head of rapidly destructive arthropathic patients (p<0.001), according to Mann-Whitney U test (Fig. 7) .
The correlation between vascular density and osteoclast count was significant in the Spearman's rank correlation coefficient (p<0.0001) and Pearson's correlation coefficient (r=0.576) [Fig. 8 ].
DISCUSSION
The destructive arthropathic process in arthritic hip joints is variable. In some cases of hip osteoarthritis, rapidly destructive changes occurs resulting in the loss 
Figure 6
The vascular density on the bone surface of rapidly destructive arthropathic patients was greater than that of both the osteoarthritic patients (p<0.001) and the middle of femoral heads of rapidly destructive arthropathic patients (p<0.001). 
Figure 7
The osteoclast count on the bone surface of rapidly destructive arthropathic patients was greater than that of both the osteoarthritic patients (p<0.01) and the middle of the femoral heads of rapidly destructive arthropathic patients (p<0.001).
of the femoral head. However, the reason why some joints undergo rapid and progressive destruction remains unclear.
In patients with progressively destructive arthropathy, it has been reported that osteoclasts with vascular-rich granulation could be detected. 2, 3 This study was based on the hypothesis that the destructive arthropathy of the hip might be linked with the vascularity. Hence, the microvascular density and osteoclast count on the surface and middle of each femoral head specimen were assessed.
The methodology of evaluating angiogenesis has been controversial. An important step in the evaluation of the vascular density is to identify all microvessels. Currently, immunostaining techniques identifying the von Willebrand Factors, CD31, and CD34 are the most common methods. [5] [6] [7] Von Willebrand Factor is produced exclusively by the endothelial cell and megakaryocyte, and is pooled in storage granules of endothelial cells and platelets. A von Willebrand Factor concentration exceeding constitutively secreted levels has been found in many conditions and is characterised by vascular involvement. 8 Morphometric methodology is useful for identifying blood capillaries by immunohistochemically staining the von Willebrand Factor.
The osteoclast count was significantly greater in rapidly destructive arthropathic patients than in osteoarthritic patients. Two previous studies have reported that an increase in osteoclasts was found in the active areas of the hip in patients with rapidly destructive arthropathy. 2, 3 Many paracrine or autocrine factors that stimulate osteoclastic differentiation and function in the active area have been studied. [9] [10] [11] Several reports have shown that the elevated levels of bone-reabsorptive enzymes, such as interleukin-6 (IL-6), IL-1β, and matrix metalloproteinases were associated with the rapidly destructive arthropathy of the hip. 12, 13 The strong correlation between vascular density and osteoclast count in this study suggested that the vascularity of an arthritic hip might be related to a destructive change in the bone and the joint. Soskolne 14 reported that 85% of the osteoclasts were directly in contact with the endothelial cells under microscopic observation. The endothelium interface showed that the osteoclast had special fingerlike protrusions reaching toward the endothelial cells. Jirik et al. 10 demonstrated that human endothelial cells secreted IL-6, which activated osteoclasts and incited progenitors to differentiate multinucleated osteoclasts.
McGowan et al. 15 demonstrated that osteoclast precursors could adhere to the endothelium. Hence, the endothelium could play an important role in the recruitment of osteoclast precursors to sites of bone resorption.
The Gorham-Stout syndrome (Gorham's massive osteolysis) and rapidly destructive arthropathy of the hip showed similarities in the idiopathic rapid disappearance of bones. Histological examination revealed that Gorham's massive osteolysis was always associated with angiomatosis of blood vessels and sometimes with lymphatics. Large numbers of osteoclasts have been found in massive osteolysis as reported in the literature. 16, 17 Devlin et al. 18 examined patient serum samples taken early during the progression of Gorham-Stout syndrome and found elevated levels of IL-6. It is important to identify the localisations of the factors that promote the formation of osteoclasts to determine the relationship of the vascularisation with those factors.
In conclusion, this study suggests that hypervascularity is one of the important factors associated with the destruction of bone and joint as indicated by the increased osteoclast count. 
